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Description 

[0001] The present invention relates to an optical in- 
formation recording medium of recordable/erasable 
type utilizing a difference in reflectivity or a phase differ- s 
ence of reflected light resulting from a phase-change of 
the recording layer by irradiation of a laser beam. 
[0002] Optical disks are classified into a read only 
memory (ROM) type and a recordable type (including a 
rewritable type). The read only memory type has already 
practically been used as a video disk, an audio disk or 
a disk memory for a large capacity computer. 
[0003] Typical recordable type disks include disks of 
pit-forming/deformation type, organic dye type, magne- 
to-optical type and phase-change type. For the pit-form- 
ing/deformation type, a recording layer made of e.g. a 
dye or a low melting point metal such as Te, is employed, 
and the recording layer is locally heated by irradiation 
with a laser beam to form pits or irregularities. 
[0004] For the organic dye type, a recording layer 
made of a dye or a polymer containing a dye, is em- 
ployed, so that the reflectivity (or the refractive index) 
changes between before and after the recording. This 
type is practically employed as an optical recording me- 
dium for recording CD format signals. 
[0005] The magneto-optical type is designed to carry 
out recording or erasing by the direction of magnetiza- 
tion of the recording layer and to carry out retrieving by 
an magneto-optical effect. 

[0006] On the other hand, the phase-change type is 
the one which utilizes a phenomenon that the reflectivity 
or the phase of reflected light changes between before 
and after the phase change, whereby retrieving is car- 
ried out by detecting the difference in the quantity of re- 
flected light without requiring an external magnetic field. 
As compared with the magneto-optical type, the phase- 
change type requires no magnet, and the optical system 
is simple, whereby preparation of a driving system is 
easy, and such a phase-change type is advantageous 
also for downsizing and reduction of costs. Further, it 
has advantages such that recording and erasing can be 
carried out simply by modulating the power of a laser 
beam, and a one-beam overwriting operation is thereby 
possible wherein erasing and re-recording are carried 
out simultaneously by a single beam. 
[0007] It is common to employ a thin film of a chalco- 
gen type alloy as the material for the recording layer for 
such a phase-change recording system. For example, 
it has been attempted to use a thin film of an alloy of Ge- 
Te type, Ge-Sb-Te type, In-Sb-Te type, Ge-Sn-Te type 
or Ag-ln-Sb-Te type. 

[0008] In the one-beam overwriting phase-change re- 
cording, it is common to form recording bits by changing 
a recording layer in a crystalline state to an amorphous 
state and to carry out erasing by crystallizing the amor- 
phous phase. 

[0009] However, the recording layer is usually amor- 
phous immediately after its formation. Accordingly, the 



entire recording layer is crystallized in a short period of 
time. This step is called initial crystallization or initializa- 
tion. It is common to carry out the initialization by irradi- 
ating a rotating medium with a laser beam focused to 
have a diameter of from a few tens to a few hundreds 
jim. 

[0010] With respect to the above-mentioned Ge-Sb- 
Te type ternary alloy, only a composition close to a 
GeTe-Sb 2 Te 3 pseudo-binary alloy has heretofore at- 
tracted an attention and has been practically developed, 
and a composition close to a Te 85 Ge 15 eutectic compo- 
sition or a SbyoTe^ eutectic composition has not been 
practically employed. 

[001 1 ] Namely, an alloy material close to the eutectic 
composition has been considered to be unsuitable as a 
recording layerfor an overwritable optical recording me- 
dium, since it undergoes phase separation at the time 
of crystallization, and it has been impossible to crystal- 
lize it by heating for a short period of time of less than 
100 nsec, although its amorphous-forming ability is 
high. 

[0012] For example, even with a Ge-Sb-Te type ter- 
nary alloy, no practically crystallization speed has been 
obtained with a composition close to the Te 85 Ge 15 eu- 
tectic composition. 

[0013] On the other hand, in the vicinity of the 
Sb 70 Te3o eutectic composition, a binary alloy of 
Sb u Te i-u (0.58<u<075) is known to be useful for repeat- 
ed recording and erasing as between the crystalline and 
amorphous states, although this is an extremely primi- 
tive method wherein only a change in reflectance was 
monitored (U.S. Patent 5,01 5,548). Further, a study has 
been made on a compositional range having a third el- 
ement, particularly Ge, added to Sb7 0 Te 30 . 
[0014] However, these methods have a problem that 
the productivity is low, since the initialization operation 
is difficult. Accordingly, there has been no practical 
progress since then with respect to a composition close 
to the Sb 70 Te 30 eutectic composition. 
[0015] Accordingly, it has been considered that only 
a material in the vicinity of a readily initializable interme- 
tallic composition or its pseudo binary alloy exhibits 
practical properties. 

[0016] Irrespective of such a conventional belief, the 
present inventors have re-examined the crystallization/ 
amorphous conversion properties of the medium having 
a composition in the vicinity of the eutectic composition, 
and as a result, have found that such a medium exhibits 
characteristics superior to a medium having a composi- 
tion in the vicinity of the composition of the above-men- 
tioned intermetallic compound, when the composition, 
the layer construction, the recording method, etc. are 
properly combined. 

[001 7] Namely, the present inventors have conducted 
a study from the viewpoint of the applicability to mark 
length recording using an optical disk evaluation ma- 
chine suitable for high density recording. 
[0018] As a result, it has been found that a recording 
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layer comprising, as the main component, a SbTe alloy 
in the vicinity of the St^Te^ eutectic composition has 
a difficulty only in the initial crystallization, and once it 
has been initially crystallized, subsequent recording and 
erasing can be carried out at an extremely high speed. 5 
[0019] Further, it has been found that a GeSbTe ter- 
nary alloy and an InSbTe ternary alloy having Ge or In 
added thereto, exhibits excellent repetitive overwriting 
properties. 

[0020] Especially in a combination with a certain spe- 
cific recording pulse pattern, it has a merit such that de- 
terioration during repetitive overwriting is less than the 
material in the vicinity of a BeTe-Sb 2 Te 3 pseudo-binary 
alloy or a material in the vicinity of an lnGeTe-Sb 2 Te 2 
pseudo-binary alloy, which is widely used for repetitive 
overwriting. 

[0021 ] It has been also found that these ternary alloys 
based on SbyoTe^ have higher crystallization temper- 
atures than the SbyoTe^ binary eutectic alloy and thus 
are excellent in archival stability. 
[0022] However, these ternary alloys based on 
8070X630 nad a problem that initialization was more dif- 
ficult than the Sb 70 Te3o binary eutectic alloy. 
[0023] Further, the GeSbTe ternary alloy in the vicinity 
of the above SbTe eutectic composition had a problem 
that the recording pulse pattern dependency and the lin- 
ear velocity dependency were large, and when an usual 
two level modulation pulse pattern was employed, nor- 
mal overwriting was possible only within a narrow linear 
velocity range. 

[0024] Namely, at a low linear velocity such as 2.8 m/ 
s t recrystallization was so remarkable that formation of 
amorphous marks tended to be impaired. On the other 
hand, at a high linear velocity, the crystallization speed 
was inadequate, and erasing tended to be inadequate. 
Therefore, proper overwriting was possible only within 
a limited linear velocity range of 2.8 m/s±50%. 
[0025] EP-A-0378443 relates to a method for record- 
ing and reproducing information utilizing a work function 
variation of a recording medium being made of a mate- 
rial whose work function can vary according to a 
structurtal change thereof caused by the irradiation of 
an electromagnetic wave or electron beam, the material 
comprising a Te-alloy or an In-alloy. 
[0026] EP-A-01 95532 relates to an information re- 
cording medium comprising a substrate and superim- 
posed thereon the recording layer composed of Sb. Te 
and Ge being highly thermally stable as well as highly 
sensitive and having a high S/N ratio. 
[0027] US-A-5,01 1,723 relates to a phase-change 
type optical information recording medium comprising a 
substrate and a recording layer formed thereon, which 
recording layer comprises a phase-transition type com- 
pound consisting of four elements having a chalcopyrite 
structure represented by the formula. X .Y . Z 2 , wherein 
X represents one or two elements selected from groups 
lb and lib of the periodic table, Y represents one or two 
elements selected from groups (lib, IVb and Vb of the 



periodic table and Z represents one or two elements se- 
lected from group Vb and Vlb of the periodic table. 
[0028] US-A-4,904,577 relates to alloys being useful 
in optical recording media based on an Sb 60 ln 16 Sn 24 
-alloy with at least one additional element selected from 
a group containing Te and Zn. 
[0029] It is an object of the present invention to solve 
such problems involved in using a material having a 
composition in the vicinity of such a eutectic composition 
and to make the application of such a material to a high 
density optical recording medium possible. 
[0030] The present invention provides: 
[0031] An optical information recording medium hav- 
ing a multilayer structure comprising at least a lower pro- 
tective layer, a phase-change type optical recording lay- 
er, an upper protective layer and a reflective layer, on a 
substrate, wherein the phase-change type optical re- 
cording layer has a composition of Zn^^Sb^Te^, 
where 0.01 ^yl ^0.1, 0.03^51^0.08, 0.5^^1^0.7, 
0.25^0)1 ^0.4, and y1 +51 +£1 +o>1 =1 , whereby overwrite 
recording is carried out by modulation of light intensity 
of at least strong and weak two levels, so that a crystal- 
line state is an unrecorded state, and an amorphous 
state is a recorded state; and 

an optical information recording medium having a 
multilayer structure comprising at least a lower protec- 
tive layer, a phase-change type optical recording layer, 
an upper protective layer and a reflective layer, on a sub- 
strate, wherein the phase-change type optical recording 
layer has a composition of Zn^lng^a^Sb^Te^, 
where Ma is at lest one member selected from Sn, Ge, 
Si and Pb, 0.01^2^0.1, 0.001^52^0.1, 0.01 ^e2^ 
0.1, 0.5=^2^0.7, 0.25^0)2^0.4, 0.03^52+82^0.15, 
and 72+52+82+^2+0)2=1, whereby overwrite recording 
is carried out by modulation of light intensity of at least 
strong and weak two levels, so that a crystalline state is 
an unrecorded state, and an amorphous state is a re- 
corded state. 

[0032] An optical recording method, which comprises 
carrying out mark length modulation recording and eras- 
ing on such an optical information recording medium by 
modulating a laser power among at least 3 power levels, 
wherein to form inter-mark portions, erasing power Pe 
capable of recrystallizing amorphous mark portions is 
applied, and to form mark portions having a length nT 
where T is a clock period and n is an integer of at least 
2, writing power Pw and bias power Pb are applied in 
such a manner that when the time for applying writing 
power Pw is represented by o^T, a 2 T, .... a m T, and the 
time for applying bias power Pb is represented by p 1 T, 
P2T Pm T . tne ,aser application period is divided into 
m pulses in a sequence of o^T, (^T, o^T, pgT, a m T, 
P m T, to satisfy the following formulae: 

when 2^i^m-1 , a^fy; 
m=n-k, where k is an integer of 0^k^2, provided 
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that n mjn -k^ 1 , where n mjn is the minimum value of n ; and 
<x 1 +jJ 1 + ... +a m +p m = n-j, where j is a real number 
of 0^2; 

and under such conditions that Pw>Pe, and 
0<Pb^0.5Pe, provided that when i=m ( 0<Pb^Pe. 
[0033] In the accompanying drawings: 

Figure 1 is a schematic view illustrating the multi- 
layer structure of the optical recording medium of 
the present invention. 

Figure 2 is a view showing an example of the irra- 
diation pattern of a laser power during optical re- 
cording on the optical recording medium of the 
present invention. 

Figure 3 is a graph showing the temperature 
change of the recording layer when optical record- 
ing was carried out on the optical information re- 
cording medium of the present invention. 

[0034] Before describing the recording media and the 
recording method of the present invention, the concept 
which ied to the present invention will be described. 
[0035] To carry out recording on a phase-change type 
medium, a laser beam is irradiated to a recording iayer 
in a crystalline state to heat and melt it at a temperature 
of at least the melting point, followed by rapid resolidifi- 
cation to form amorphous marks. To carry out erasing, 
a laser beam is irradiated to the amorphous marks to 
heat them at a temperature of at least the crystallization 
temperature and lower than the melting point, followed 
by cooling for crystallization i.e. for erasing. 
[0036] Usually, if the crystallization speed in a solid 
phase of an alloy in the vicinity of the eutectic point is 
increased, the recrystallization speed will also be in- 
creased, so that the periphery of the molten region of 
the recording layer tends to undergo recrystallization, 
whereby formation of an amorphous mark tends to be 
prevented. 

[0037] In an alloy in the vicinity of the eutectic point, 
the crystallization speed is governed by the diffusion 
speed of atoms for phase separation, whereby high 
speed crystallization (erasing) can not be accomplished 
unless heating is carried out to a level immediately be- 
low the melting point, where the diffusing speed be- 
comes maximum. 

[0038] Namely, as compared with the currently most 
commonly employed recording layer close to the com- 
position of a GeTe-Sb 2 Te 3 pseudo-binary alloy, the tem- 
perature range within which a high crystallization speed 
is obtainable, is narrow and shifted to a high tempera- 
ture side. 

[0039] Accordingly, to apply such an alloy in the vicin- 
ity of the eutectic point to a recording layer of an optical 
recording medium, it is necessary to increase the cool- 
ing rate in the vicinity of the melting point during the re- 
solidification in order to accomplish both the high crys- 
tallization speed and formation of a sufficiently large 
amorphous mark. 



[0040] The present inventors have found it possible 
to accomplish the high crystallization speed by utilizing 
a phenomenon such that the recording layer material 
undergoes phase separation basically into a Sb phase 
5 and a Sb 2 Te 3 phase on the line where the SbyoTe^ ratio 
is constant in the composition of a SbTe eutectic alloy. 
[0041] Namely, if excess Sb is contained in a non- 
equilibrium super-cooled state where an amorphous 
mark is formed, fine Sb clusters will firstly precipitate 
during the resolidification. Such Sb clusters will remain 
as crystal nuclei in the amorphous mark, and it is con- 
sidered that the subsequent erasing (recrystallization) 
of the amorphous mark can be completed in a short pe- 
riod of time without requiring a substantial time for the 
phase separation. 

[0042] When annealing is conducted in an equilibrium 
state, the phase separation of Sb phase can be con- 
firmed by X-ray diffraction. 

[0043] The present invention has been accomplished 
on the basis of such an observation relating to the SbTe 
eutectic alloy. In the first aspect of the present invention, 
the composition of the ZnlnSbTe four element alloy re- 
cording layer or the ZnlnMaSbTe five element alloy 
(wherein Ma is at least one member selected from Sn, 
Ge, Si and Pb) recording layer is such that predeter- 
mined amounts of Zn, In and optional Ma are added to 
a base in the vicinity of the Sb 70 Te3o eutectic composi- 
tion. The largest merit in using this material is that it has 
a high crystallization speed, and it is thereby possible to 
prevent a phenomenon of forming coarse grains having 
a reflectivity different from the initialized state along the 
periphery of an amorphous mark or in an erased mark. 
[0044] The recording characteristic of the recording 
layer i.e. the reversible process of amorphization and 
crystallization, is primarily determined by the Sb/Te ra- 
tio, that is, the excess Sb amount contained in the matrix 
Sb 70 Te3o eutectic composition. If Sb increases, sites of 
Sb clusters which precipitate in the super-cooled state 
will increase, whereby formation of crystal nuclei will be 
promoted. This means that even when the same crystal 
growing rate from the respective crystal nuclei is as- 
sumed, the time required until the space is filled with 
grown crystal particles will be shortened, and conse- 
quently, the time required for complete crystallization of 
the amorphous mark can be shortened. Accordingly, 
this is advantageous when erasing is carried out at a 
high linear velocity by irradiation with a laser beam in a 
short period of time. 

[0045] On the other hand, the cooling rate of the re- 
cording layer depends also on the linear velocity during 
recording. Namely, even with the same multilayer struc- 
ture, the cooling rate lowers as the linear velocity is low. 
Accordingly, as the linear velocity is low, it is preferred 
to employ a composition whereby the critical cooling 
rate for the formation of an amorphous state is small i. 
e. a composition in which the excess Sb amount is small. 
[0046] In summary, based on the Sb 70 Te 30 eutectic 
composition, the larger the excess Sb amount in the 
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composition, the better the composition for high linear 
velocity. 

[0047] The recording layer of the present invention is 
the one having the characteristics of this binary alloy 
having the Sb 70 Te 30 eutectic composition improved by 
adding a specific combination of two or three elements 
in a suitable amount. 

[0048] The composition of the recording layer of the 
present invention is represented by the following formu- 
la. Namely it is a composition represented by 
Zn^ln^Sb^Te^, where 0.01 ^yl ^0.1, 0.03^51^ 
0.08, 0.5^1^0.7, 0.25^0)1^0.4, and Y 1+51+;i + 
o)1=1, or a composition represented by Zn^ln^Ma^ 
Sb S2 Te co2» where Ma is at lest one member selected from 
Sn, Ge, Si and Pb, 0.01^2^0.1, 0.001^52^0.1, 
0.01^e2^0.1, 0.5^^2^0.7, 0.25^0)2^0.4, 0.03^52+ 
e2^0.15, and Y2+S2+e2+£2+o)2=1 . 
[0049] From the study by the present inventors, it has 
been found that by defining the composition as de- 
scribed above, at least overwriting can be carried out at 
a linear velocity of from 1 to 10 m/s, and particularly 
when used as a rewritable CD compatible medium at a 
linear speed of from 1 (1 .2 to 1 .4 m/s) to 6 (7.2 to 8.4 ml 
s) times of the linear speed of CD, it can be preferably 
used as a composition excellent in repetitive overwriting 
durability and archival stability. 
[0050] Firstly, the composition of Zn^ln^Sb^Teo,.,, 
where 0.01^1^0.1, 0.03^51=^0.08, 0.5^1^0.7, 
0.25^0)1^0.4, and y1 +51+^1+0)1=1, will be described. 
[0051] Zn is used in an amount of at least 1 atomic % 
to facilitate initialization of an amorphous layer immedi- 
ately after its formation. If It exceeds 10 atomic %, the 
archival stability tends to be impaired, such being unde- 
sirable. The mechanism whereby initialization is facili- 
tated by the addition of Zn, is not clearly understood. 
However, it is considered that a fine ZnSb phase will pre- 
cipitate together with Sb clusters and thus will serve as 
crystal nuclei. 

[0052] In is effective to increase the crystallization 
temperature and to improve the archival stability of an 
amorphous mark. In orderto secure the archival stability 
at room temperature, at least 3 atomic % will be re- 
quired. If it exceeds 8 atomic %, phase separation is like- 
ly to occur, and segregation by repetitive overwriting is 
likely to occur, such being undesirable. 
[0053] Particularly, in order to provide a satisfactory 
archival stability, it is used in an amount of from 5 atomic 
% to 8 atomic %, and in order to provide a satisfactory 
repetitive overwriting property, it is used in an amount 
of from 3 atomic % to 5 atomic %. If its amount exceeds 
5 atomic %, the segregation by repetitive overwriting is 
likely to occur although a satisfactory archival stability 
is secured. However, it does not cause any problem to 
a rewritable CD which requires about 1 ,000 repetitions. 
A desired composition is decided depending on an 
aimed property of a product design. 
[0054] By adding Zn and In to the SbTe eutectic com- 
position, it is possible to shorten the crystallization time 



in the after-mentioned initialization operation, white 
maintaining the archival stability of an amorphous mark. 
By the addition of Zn and In, the composition in which 
matrix SbTe forms eutectic, will shift from Sb 70 Te 30 to a 

5 level of from SbgoTe^ to Sb 65 Te 35 . Accordingly, the lin- 
ear velocity dependency will be determined by an ex- 
cess amount of Sb based on this composition. 
[0055] As mentioned above, to attain a capability for 
recording at a high linear velocity, the excess amount of 

10 Sb may be increased. However, if it is increased too 
much, the stability of recorded amorphous marks wili be 
impaired. Accordingly, the amount of Sb is 0.5^^1 ^0.7, 
and the amount of Te is 0.25^61 ^0.4. More preferably, 
the amount of Sb is 0.55=i£1 ^0.65. 

15 [0056] Now, the composition of Zn 72 ln 62 Ma e2 
Sb^Te^g, where Ma is at least one member selected 
from Sn, Ge, Si and Pb, 0.01=^2^0.1 , 0.001 ^52^0.1 , 
0.01^e2^0.1, 0.5^^0.7, 0.25^0)2^0.4, 0.03^52+ 
82^0.15, and 72+52+e2+^2+o)2=1 , will be described. 

20 [0057] Zn is added for the purpose of facilitating ini- 
tialization of an amorphous layer immediately after its 
formation, and it is used in an amount of at least 1 atomic 
%. If it exceeds 10 atomic %, the archival stability will 
be impaired, such being undesirable. 

25 [0058] Both In and Ma, where Ma is at least one mem- 
ber selected from Sn, Ge, Si and Pb, have an effect of 
increasing the crystallization temperature thereby to im- 
prove the archival stability. By adding both of them si- 
multaneously in small amounts, it is possible to obtain 

30 a large effect while complementing drawbacks which 
are likely when they are used alone respectively. 
[0059] When In is added alone, at least 3 atomic % 
will be required to secure the storage stability at room 
temperature, and if it exceeds 5 atomic %, the phase 

35 separation is likely to occur, and segregation is likely to 
occur by repetitive overwriting, such being undesirable. 
If the amount of In added is not more than 5 atomic %, 
a durability corresponding to at least 1 0,000 times of re- 
petitive overwriting can be obtained, but the archival sta- 

40 bility of an amorphous mark tends to be inadequate. 
[0060] On the other hand, when Ma is added alone, 
at least 3 atomic % is required to improve the archival 
stability, but if it exceeds 1 0 atomic %, initial crystalliza- 
tion abruptly tends to be difficult. 

45 [0061] By adding both In and Ma simultaneously in 
small amounts, it is possible to improve the thermal sta- 
bility of the amorphous state and improve the archival 
stability of amorphous recording bits, without bringing 
about a difficulty in the initialization operation or without 

so bringing about segregation by repetitive overwriting. 
[0062] That is, when In is added alone in an amount 
of at least 5 atomic %, the segregation by repetitive over- 
writing occurs gradually and erasing (recrystallization) 
tends to become difficult. Ma is added in orderto avoid 

55 this tendency and to improve archival stability and re- 
petitive overwriting durability. 

[0063] The total amount of In and Ma is from 3 to 15 
atomic %. If it is less than 3 atomic %, the effect for im- 
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proving the archival stability tends to be inadequate, and 
if it exceeds 1 5 atomic %, segregation by repetitive over- 
writing, or difficulty in initialization, will be brought about, 
even when Ge or In is added in any proportion. 
[0064] Further, if In or Ma exceeds 10 atomic %, the 
same problems as described above are like to result. 
Therefore, the amount of each of them is at most 10 
atomic %. More preferably, the content of In is at most 
5 atomic %. 

[0065] It is preferred to use Ge as Ma, since segrega- 
tion or deterioration in the crystallization speed is there- 
by less likely. 

[0066] By adding Zn, In and Ma to the SbTe eutectic 
composition, it is possible to shorten the crystallization 
time in the after-mentioned initialization operation, while 
maintaining the archival stability of an amorphous mark. 
By the addition of Zn, In and Ma, the composition in 
which matrix SbTe forms eutectic, will shift from 
Sb7 0 Te 3 o to a level of Sb^Te^ to Sb 65 Te 35 . Accordingly, 
the linear velocity dependency is determined by the ex- 
cess amount of Sb based on this composition. 
[0067] To attain a capability for recording at a high lin- 
ear velocity, the excess amount of Sb may be increased 
as described above. However, if it is increased too 
much, stability of recorded amorphous marks tends to 
be impaired. Accordingly, the amount of Sb is 
0.5^2^0.7, and the amount of Te is 0.25^52^0.4. 
More preferably, the amount of Sb is 0.55^2^0.65. 
[0068] In the present invention, addition of Ma is ef- 
fective to further improve the characteristics of the re- 
cording medium, but tends to slightly increase the cost 
for materials. Therefore, the decision for its addition or 
against its addition is made depending upon the cost 
performance. 

[0069] It has been reported that by adding Ag and In 
simultaneously to a composition in the vicinity of the 
SbyoTeso eutectic composition, it is possible to facilitate 
the initialization by Ag and to improve the archival sta- 
bility by In at the same time (JP-A-4-232779, JPnA- 
5-185732, and JP-A-8-267926). However, each of such 
reports is directed to a very limited scope and does not 
teach or suggest the composition or the combination of 
elements of the present invention. 
[0070] It has been mentioned above that in usual ini- 
tialization of an alloy in the vicinity of the eutectic com- 
position, i.e. in the initialization by crystallizing the re- 
cording layer in a solid phase at a temperature of at least 
the crystallization temperature, the crystallization is 
rather slow, and the productivity is not good. 
[0071] This is believed attributable to the fact that the 
recording layer undergoes phase separation from the 
amorphous state immediately after its formation (as de- 
posited) to form a stable crystalline state. For this phase 
separation, heating for at least 1 jisec. is required in the 
solid state (lower than the melting point). 
[0072] For example, if initial crystallization of a medi- 
um using e.g. Ge 10 Sb 66 Te 24 as the recording layer, is 
attempted under such a condition that when Ge 2 Sb 2 Te 5 
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is employed as a recording layer, the medium in the as- 
deposited state can be crystallized at a sufficiently high 
speed, substantial portions tend to remain in an amor- 
phous state without being crystallized. If this operation 

s is repeated a few tens times, the phase separation may 
be completed, and the initialization may thus be accom- 
plished. However, such is not practical, as the produc- 
tivity is low. However, once initialization has been done, 
subsequent crystallization (erasing) can be carried out 

10 at a high speed. 

[0073] One of the reasons why the recording layer in 
the as-deposited state is hardly crystal I izable is believed 
to be such that the as-deposited amorphous state is 
hardly crystal! izable as is different from the amorphous 

15 state of recorded marks. Further, the fact that there are 
no substantial crystal nuclei in the recording layer in the 
as-deposited state, maybe a reason for the difficult crys- 
tal I izabi I ity. 

[0074] In fact, when a portion treated for initial crys- 
20 tallization is observed by an optical microscope, crystal- 
lized sections are observed in the form of separate is- 
lands with high reflectance. This is understandable if it 
is assumed that crystallization has proceeded only at 
the sections where crystal nuclei were present. 
25 [0075] In the present invention, the above difficulty in 
initialization has been overcome by adding Zn in a prop- 
er amount as described above. The present inventors 
have further found that as a method for carrying out the 
initialization in a short period of time, melt initialization 
30 is effective for the recording layer of the present inven- 
tion. This is effective to remarkably increase the crystal 
growth rate. 

[0076] So long as the layer structure of the medium is 
properly adjusted, and the initialization conditions are 

35 properly set, the recording medium will not immediately 
be destroyed even when it is melted. For example, melt- 
ing may be limited to the center portion of a beam by 
local heating by means of a light beam (a gas laser beam 
or a semiconductor laser beam) focused in e.g. an oval 

40 shape with a long axis of from 50 to a few hundreds u,m 
and a short axis of from 1 to 10 u.m. 
[0077] In addition, the melted portion is heated by re- 
maining heat along the periphery of the beam, whereby 
the cooling rate tends to be low, and crystallization will 

45 be adequately carried out. The melt initialization itself is 
a known method. However, the present inventors have 
found that this method is particularly effective for the re- 
cording medium of the present invention. Namely, by 
this method, the time for initialization can be shortened 

so to one tenth as compared with conventional solid phase 
crystallization, whereby the productivity is increased to 
a large extent. 

[0078] Further, the melt initialization provides an ef- 
fect of preventing a change in the crystallizability during 
55 erasing after overwriting. 

[0079] As schematically shown in Figure 1 , the layer 
structure of the disk in the present invention is such that 
at least a lower protective layer 2, a phase-change type 
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recording layer 3, an upper protective layer 4 and a re- 
flective layer 5 are formed on a substrate 1 . The protec- 
tive layers 2 and 4, the recording layer 3 and the reflec- 
tive layer 5 are formed by e.g. a sputtering method. With 
a view to preventing oxidation or contamination among s 
the respective layers, it is preferred to carry out the layer 
forming in an in-line apparatus wherein the target for the 
recording layer, the targets for the protecting layers, and 
if necessary, the target for the reflective layer, are dis- 
posed in the same vacuum chamber. Further, this is ad- 
vantageous from the viewpoint of the productivity. 
[0080] On the reflective layer 5, it is preferred to form 
a protective coating layer made of an ultraviolet curable 
or thermosetting resin to prevent scratching, to prevent 
deformation by repetitive overwriting or to improve cor- 
rosion resistance. The protective coating layer is usually 
applied by a spin coating method and preferably has a 
thickness of from 1 to 10 nm. 

[0081] In the present invention, the substrate 1 of the 
recording medium may be made of any material such 
as glass, plastic or glass provided with a photocurable 
resin. From the viewpoint of the productivity including 
costs, plastic is preferred. Particularly preferred is a 
polycarbonate resin. 

[0082] The thickness of the phase-change type re- 
cording layer 3 of the present invention is preferably 
within a range of from 15 to 30 nm. If the thickness is 
less than 15 nm, no adequate contrast tends to be ob- 
tained, and the crystallization speed tends to be slow, 
whereby it tends to be difficult to carry out erasing of 
record in a short period of time. On the other hand, if the 
thickness exceeds 30 nm, the heat capacity tends to be 
large, whereby the recording sensitivity tends to be poor. 
[0083] The materials for the upper and lower protec- 
tive layers 2 and 4 are determined taking into consider- 
ation the refractive indices, the thermal conductivities, 
the chemical stability, the mechanical strength, the ad- 
hesion, etc. In general, an oxide, sulfide, nitride or car- 
bide of e.g. Mg, Ca, Sr, Y, La, Ce, Ho, Er, Yb, 71, Zr, Hf, 
V, Nb, Ta, Zn, Al, Si, Ge or Pb, or a fluoride of Ca, Mg 
or Li having high transparency and high melting point, 
can be used. These oxides, sulfides, nitrides, carbides 
and fluorides may not necessarily take stoichiometrical 
compositions. It is effective to control the compositions 
to adjust the refractive indices orthe like, or to use them 
in admixture. From the viewpoint of the repetitive record- 
ing characteristic, a dielectric mixture is preferred. More 
specifically, a mixture of ZnS or a rare earth sulfide with 
a heat resistant compound such as an oxide, nitride or 
carbide, may be mentioned. 

[0084] The lower protective layer 2 preferably has a 
thickness of at least 50 nm, since it is also required to 
have a function of suppressing a thermal deformation of 
the plastic substrate. On the other hand, if it exceeds 
500 nm, cracking is likely to result due to an internal 
stress, such being undesirable. The thickness is usually 
selected within such a range so that the reflectivity, the 
difference in reflectivity between before and after re- 
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cording and the phase difference become proper levels 
taking the light interference effect into consideration. 
[0085] Particularly preferred is such that the portion 
of the lower protective layer in a thickness of from 1 to 
1 0 nm on the side which is in contact with the recording 
layer, is made of a mixture comprising a chalcogen com- 
pound and a heat resistant compound having a decom- 
position temperature or melting point of at least 
1 P 000°C, which is not a chalcogen compound, and the 
remaining portion is made of a heat resistant compound 
of the type which is the same or different from the above 
heat resistant compound. 

[0086] The chalcogen compound may, for example, 
be a sulfide of a Group lla element such as MgS, CaS, 
SrS or BaS, a sulfide of a rare earth, such as La 2 S 3 or 
Ce 2 S 3 , or a selenium compound of a Group lla element 
such as MgSe, CaSe, SrSe or BaSe. 
[0087] The above sulfides or selenium compounds 
contain chalcogen elements and thus have good adhe- 
sion with chalcogen elements mainly contained in the 
phase-change type recording layer and with the sur- 
rounding elements. Thus, a substantial improvement is 
observed as compared with a case where a dielectric 
layer made merely of an oxide is employed. 
[0088] The heat resistant compound other than the 
chalcogen compound, may, for example, be an oxide of 
Al, Si, Ge, Y, Zr, Ba, Ta, Nb, V, W, Hf, Sc or a lanthanoid, 
a nitride of Al, Si, Ge, Ta or B, a fluoride of Mg, Ca, Nd, 
Tb or La, or a carbide of Si or B. 
[0089] When a fluoride is used among them, it is pre- 
ferred to use an oxide in combination, so that the brit- 
tleness may be overcome. 

[0090] From the viewpoint of the costs and efficiency 
for the production of targets, it is preferred to employ 
silicon dioxide, yttrium oxide, barium oxide, tantalum ox- 
ide, LaF 3 , NaF 3 , TbF 3 , SiC, Si 3 N 4 or AIN. 
[0091] The total amount of the above two types of 
compounds in the protective layer, is preferably at least 
50 mol%, more preferably at least 80 mol%. If their con- 
tent is less than 50 mol%, the effect for preventing de- 
formation of the substrate or the recording layer tends 
to be inadequate, and the layer tends to be useless as 
a protective layer. 

[0092] The content of the chalcogen compound is 
preferably from 10 to 95 mol% of the entire protective 
layer. If the content is less than 10 mol%, the desired 
property tends to be hardly obtainable. On the other 
hand, if it exceeds 95 mol%, the optical absorption co- 
efficient tends to be large, such being undesirable. The 
content is more preferably from 15 to 90 mol%. 
[0093] The content of the above heat resistant com- 
pound is preferably from 5 to 90 mol% in the entire die- 
lectric layer, more preferably at least 1 0 mol%. If the con- 
tent is outside this range, the desired property may not 
sometimes be obtained. 

[0094] The heat resistant compound is required to 
have a heat resistance of at least 1 ,000°C, and at the 
same time, required to be optically adequately transpar- 
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ent to the laser beam to be used for recording and re- 
trieving. Namely, in a thickness of about 50 nm, the im- 
aginary part of the complex refractive index in a wave- 
length region of at least about 600 nm is desired to be 
at most 0.05. 5 
[0095] To obtain such optical transparency, it is pre- 
ferred to use a gas mixture of Ar with oxygen and/or ni- 
trogen during the sputtering for forming the layer. 
[0096] S or Se in a sulfide or a selenium compound 
has a high vapor pressure, and a part thereof tends to 
evaporate or undergo decomposition during the sputter- 
ing. If such deficiency of S or Se in a protective layer 
becomes substantial, the optical absorptivity tends to be 
defective, and the protective layer tends to be chemical- 
ly unstable. Addition of oxygen or nitrogen to the sput- 
tering gas as mentioned above, is intended to replace 
such deficiency with oxygen or nitrogen. Here, an oxide 
or nitride of the metal element of the above chalcogen 
compound will be formed partially in the film, but such 
an oxide or nitride serves as a part of the heat resistant 
compound, whereby the properties of the film will not be 
impaired. 

[0097] This dielectric layer is usually prepared by high 
frequency discharge sputtering, whereby the layer- 
forming speed tends to be slow, and from the viewpoint 
of the productivity, it is not desirable to form a thick layer 
of at least 200 nm. Accordingly, in a case where it is 
required to form a thick layer, such a protective layer 
should preferably have a structure such that the portion 
thereof in a thickness of from 1 to 10 nm on the side 
which is in contact with the recording layer, is made of 
a mixture comprising a chalcogen compound and a heat 
resistant compound having a decomposition tempera- 
ture or melting point of at least 1 ,000°C, and the remain- 
ing portion is made of a heat resistant compound of the 
type which is the same or different from the above heat 
resistant compound. 

[0098] So long as the dielectric layer of this composi- 
tion is used at least on the interface side with the record- 
ing layer, the same effect is obtainable as in the case 
where the layer in its entire thickness is made of a die* 
lectric layer of the composition of the present invention. 
[0099] However, if the adhesion is poor between the 
composite dielectric layer on the interface side of the 
recording layer and the protective layer of a heat resist- 
ant compound to be formed thereon, peeling is likely to 
occur. Accordingly, a due care is required for the com- 
bination of the materials. The most problem-free com- 
bination may be such that the same material as the heat 
resistant compound contained in the composite dielec- 
tric layer on the interface side with the recording layer, 
is used for the protective layer of a heat resistant com- 
pound to be formed thereon. 

[0100] The thickness of the upper protective layer 4 
is preferably from 1 0 to 50 nm. The most important rea- 
son is that heat dissipation to the reflective layer 5 is 
most efficiently be carried out. By adopting a multilayer 
structure to accelerate the heat dissipation and to in- 



crease the cooling rate for resolidification of the record- 
ing layer, a high erasing ratio can be accomplished by 
high speed crystallization while avoiding problems in- 
volved in recrystallization. Such a multilayer structure is 
called "a rapid cooling structure". 
[0101] Although it may depend on the thermal con- 
ductivity of the upper protective layer, the thermal con- 
ductivity of a thin layer of less than 100 nm is usually 
smaller by at least 2 or 3 figures than the thermal con- 
ductivity of bulk and is not so different, and therefore, 
the thickness will be an important factor. 
[0102] If the thickness of the upper protective layer is 
thicker than 50 nm, the time until the heat of the record- 
ing layer reaches the reflective layer, tends to be long, 
whereby the heat dissipating effect by the reflective lay- 
er may not effectively be obtained. 
[01 03] On the other hand, if the upper protective layer 
is thinner than 10 nm, it is likely to break due to e.g. 
deformation during melting of the recording layer, such 
being undesirable. This is undesirable also from such a 
viewpoint that the heat dissipating effect tends to be too 
large, and the power required for recording tends to be 
unnecessarily large. 

[0104] The reflective layer 5 preferably has a thick- 
ness of from 50 to 500 nm and is made of a metal con- 
taining at least 90 atomic % of Au, Ag or A€ and having 
a volume resistivity of from 20 to 300 n£2-m. 
[01 05] The reflective layer is preferably made of a ma- 
terial having a high reflectivity, and in order to secure 
rapid cooling of the recording layer of the present inven- 
tion, it is advisable to use a material having a high ther- 
mal conductivity so that the heat dissipating effect can 
be expected even via the upper dielectric layer. 
[01 06] The thermal conductivity of a thin layer is usu- 
ally substantially smaller than the thermal conductivity 
of bulk. Especially when the thickness is less than 40 
nm, it may happen that the thermal conductivity de- 
creases by at least 1 figure due to an influence of the 
island structure at the initial stage of growth of the layer, 
such being undesirable. However, it is rather difficult to 
measure the thermal conductivity of a thin film, and the 
reproducibility of measurement is questionable. For ex- 
ample, the crystal lizability or the amount of impurities is 
likely to be different depending upon the layer-forming 
condition, whereby the thermal conductivity may be dif- 
ferent even with the same composition. 
[01 07] Therefore, the present inventors have decided 
to measure the electrical resistance of the reflective lay- 
er instead of the thermal conductivity. 
[0108] With a material wherein mainly electrons gov- 
ern the heat or electrical conductivity, like a metal layer, 
the thermal conductivity and the electrical conductivity 
are in a good proportional relationship, so that the de- 
gree of the thermal conductivity can be estimated by 
means of the electrical resistance. 
[0109] The electrical resistance of a thin layer can be 
represented by a resistivity stipulated by its thickness or 
area of the measured region. For example, the volume 
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resistivity and the sheet resistivity can be measured by 
a common four probe method, and they are prescribed 
inJISK7194. 

[0110] By such a resistivity, data can be obtained far 
more simply and with far better reproducibility than the 
actual measurement of the thermal conductivity itself. 
The lower the volume resistivity, the higher the thermal 
conductivity. 

[0111] In the present invention, a preferred reflective 
layer has a volume resistivity of from 20 to 300 n£2-m. 
[0112] As a thin layer having a volume resistivity of 
from 20 to 300 nQ-m, substantially pure A€, Au or Ag 
metal or alloy having an impurity content of not more 
than 1 0 atomic % (inclusive of pure A£, Au or Ag) may, 
for example, be mentioned. 

[0113] An example of a preferred Al alloy is an 
A€-Mg-Si alloy containing from 0.3 to 0.8 wt% of Si and 
from 0.3 to 1 .2 wt% of Mg as additives. This alloy is pre- 
ferred, as it has already been used as a sputtered film 
for a reflective layer for CD or a circuit material for IC. 
Further, it is known that with an A€ alloy containing at 
least 0.2 and less than 2 atomic % of Ta, 71, Co, Cr, Si, 
Sc, Hf, Pd, Pt, Mg, Zr, Mo or Mn as an additive, the vol- 
ume resistivity increases, and the hillock resistance is 
improved (Journal of Japanese Metal Association, vol. 
59 (1995) p.674-678, J. Vac, Sci, Tech, A14 (1996) p. 
2728-2735, etc.), and such an alloy may be used in con- 
sideration of the durability, the volume resistivity and the 
layer-forming speed. 

[0114] With the A€ alloy, if the amount of additive is 
less than 0.2 atomic %, the hillock resistance tends to 
be inadequate in many cases, although such may de- 
pend upon the layer-forming conditions. 
[01 1 5] When the archival stability is of importance, the 
additive component is preferably Ta. 
[01 16] On the other hand, as a preferred Ag alloy, the 
one containing at least 0.2 atomic % of 71, V, Ta, Nb, W, 
Co, Cr, Si, Ge, Sn, Se, Hf, Pd, Rh, Au, Pt, Mg, Zr, Mo or 
Mn as an additive, is preferred. 
[0117] When the archival stability is of importance, the 
additive component is preferably Ti or Mg. 
[0118] The present inventors have confirmed that with 
the additive element to A€ or the additive element to Ag, 
the volume resistivity increases in proportion to the con- 
centration of the additive element. 
[0119] Usually it is considered that addition of an im- 
purity tends to reduce the crystal particle size and to in- 
crease electron scattering at grain boundary to lower the 
thermal conductivity. It is necessary to adjust the 
amount of the added impurity in order to obtain the high 
thermal conductivity of the material itself by increasing 
the crystal particle size. 

[0120] Further, the reflective layer is usually formed 
by a sputtering method or a vacuum deposition method, 
whereby the total amount of impurities is required to be 
less than 2 atomic % including the amounts of impurities 
in the target or the vapor deposition material itself and 
the moisture and the oxygen amount entered during the 



layer-forming operation. 

[0121] Therefore, the background pressure of the 
process chamber is preferably at most 1 X10" 3 Pa. 
[0122] When the layer-forming is carried out under the 
5 background pressure of at least 1 x10 -4 Pa, the layer- 
forming rate is preferably adjusted to be at least 1 nm/ 
sec, preferably at least 10 nm/sec, thereby to prevent 
inclusion of impurities. 

[0123] Otherwise, when the additional element is in- 
fo tentionally contained in an amount of more than 1 atomic 
%, it is advisable to adjust the layer-forming rate at a 
level of at least 10 nm/sec thereby to minimize inclusion 
of additional impurities. 

[0124] A layer-forming condition such as pressure 

15 may affect the crystal particle size. For example, in an 
alloy layer having Ta added in an amount of about 2 
atomic % to A€, an amorphous phase may be present 
between crystal particles, and the proportions of the 
crystalline phase and the amorphous phase depend up- 

20 on the layer-forming condition. Namely, the lower the 
pressure for sputtering, the larger the proportion of the 
crystalline phase, the lower the volume resistivity (the 
higher the thermal conductivity). 
[0125] A method for preparation of the alloy target 

25 used for sputtering and the sputtering gas (Ar, Ne, Xe 
or the like) will also affect the crystal I izability or the im- 
purity composition in the layer. 
[0126] Therefore, even if the above Ae alloy compo- 
sition is disclosed as a material for the reflective layer 

30 (such as JP-A-3-1338, JP-A-1 -169571 or JP-A- 
1-208744), such a composition does not necessarily 
show the multilayer structure with the volume resistivity 
as defined by the present invention. 
[0127] The thickness of the reflective layer is prefer- 

35 ably at least 50 nm to completely reflect the incident light 
without transmission of light. If the thickness exceeds 
500 nm, the productivity tends to be poor with no further 
improvement in the heat dissipating effect, and cracking 
tends to occur. Therefore, the thickness is preferably at 

40 most 500 nm. When the thickness of the upper protec- 
tive layer is from 30 to 50 nm, in order to impart high 
thermal conductivity to the reflective layer, the amount 
of impurities is adjusted to be at most 2 atomic %. 
[0128] In the present invention, this rapid cooling 

45 structure is used in combination with the following re- 
cording method to accurately control the cooling rate 
during resolidification of the recording layer, whereby it 
is possible to fully attain the feature of the recording lay- 
er material of the present invention suitable for mark 

so length recording. 

[0129] Figure 2 is a view illustrating one embodiment 
of the irradiation pattern of a laser power during optical 
recording in the mark length modulation recording. The 
Figure illustrates an embodiment wherein an amor- 

55 phous mark having a length nT, where T is a clock pe- 
riod, and n is a natural number of at least 2, is formed 
so that nT represents a mark length obtainable in the 
mark length modulation recording. 
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[0130] When a mark having a length nT is recorded 
to the recording medium of the present invention, the 
laser application period is divided into m=n-k (k is an 
integer of 0^k^2, provided that n mln -k^1 , where n mln 
is the minimum value of n) recording pulses, whereby 5 
each recording pulse width (the period for application of 
writing power Pw) is represented by afT, and an off-pulse 
period of time represented by ftT is attached to each 
recording pulse. Here, k is a parameter form to take a 
value smaller than n. For example, when n=3, m may 
take a value of 1 , 2, or 3. During the off-pulse period, 
bias power Pb of 0<Pb^0.5Pe is applied, (provided that 
when 2^171-1,0^(3,). 

[0131] Here, so that an accurate nT mark can be ob- 
tained at the time of retrieving the amorphous mark, the 
laser application period can be adjusted as follows: 

a, + p, + + a m + (J m = n-j, where j is a real 

number of 0^j^2. Here, j is a parameter for shortening 
the application period of recording power to prevent an 
effect of heating by the final pulse. 
[0132] With the medium of the present invention, it is 
preferred to carry out recording/erasing by a three pow- 
er level modulation wherein the above-mentioned off- 
pulse period is provided for bias power Pb, rather than 
by a two power level modulation with writing power Pw 
and erasing power Pe as heretofore employed in a con- 
ventional GeTe-Sb 2 Te3 pseudo binary alloy system. 
Overwriting by the two power level modulation may be 
used, but by employingthethree power level modulation 
system, the power margin and the linear velocity margin 
for recording can be broadened. 
[0133] With the recording layer of the present inven- 
tion, it is particularly preferred to adjust bias power Pb 
for the off-pulse period to a sufficiently low level so that 
0<Pb^0.5Pe. However, at pmT, 0<Pb^Pe is accepta- 
ble. 

[0134] Further, erasing power Pe is a power which is 
capable of accomplishing recrystallization of amor- 
phous mark portions, and writing power Pw is a power 
which is sufficient for melting the recording layer in a 
time of ajT and Pw>Pe. 

[0135] Figure 3 is a schematic graph illustrating the 
temperature change of the recording layer when optical 
recording is carried out on the medium of the present 
invention. This is a case wherein the laser application 
period is divided into two (m=2), and a first recording 
pulse (writing power), a first off-pulse (bias power), a 
second recording pulse and a second off-pulse are se- 
quentially irradiated to form an amorphous mark, and 

(a) represents a case where aj=JJ|=0.5, and Pb=Pe, and 

(b) represents a case where app } =0.5, and Pb is sub- 
stantially 0 (provided that P*0). 
[0136] As the recording position, a position of the re- 
cording layer where the rear end of the first recording 
pulse is irradiated, is assumed. 
[0137] In the case of (a), even during the off -pulse pe- 
riod, Pe is applied, whereby the influence of the heating 
by the subsequent recording pulse extends forwardly, 



and the cooling rate after irradiation of the first recording 
pulse is low, and the lowest temperature T u to which 
the temperature reaches by the temperature drop during 
the off-pulse period, is still in the vicinity of the melting 
point. 

[0138] On the other hand, in the case of (b), Pb during 
the off-pulse period is substantially 0, whereby the low- 
est temperature T^ will be sufficiently lower than the 
melting point, and the cooling rate is high. The amor- 
phous mark area is melted during irradiation with the first 
recording pulse and then is formed by quenching during 
the subsequent off-pulse period. 
[0139] As mentioned above, in the medium of the 
present invention, the recording layer shows a high crys- 
tallization speed only in the vicinity of the melting point. 
[0140] Accordingly, to take the temperature profile as 
shown by (b) in Figure 3, is important to suppress re- 
crystallization and to obtain a good amorphous mark. 
[0141] In other words, by controlling the cooling rate 
and the lowest temperature T L , it is possible to com- 
pletely control the recrystallization and to form an amor- 
phous mark having a clear outline which substantially 
corresponds to the melted region, whereby a low jitter 
is attainable at the edge of the mark. In the above re- 
cording pulse dividing method, 0<Pb^0.2Pe is more 
preferred. However, at p m T, 0<Pb^Pe is acceptable. 
[0142] Further, it is more preferred that when 2^i^m- 
1 , a,+Pf=1 .0, and 0.05<a,^0.5, since it is thereby possi- 
ble to effectively obtain the cooling effect during the off- 
pulse period. 

[0143] On the other hand, with a GeTe-Sb 2 Te 3 pseu- 
do-binary alloy, there is no substantial difference in the 
amorphous mark-forming process whether either tem- 
perature profile (a) or (b) in Figure 3 is used. Because 
it shows recrystallization within a wide temperature 
range, although the speed is somewhat slow. In such a 
case, irrespective of the divided pulse method, recrys- 
tallization takes place to some extent, whereby coarse 
grains will form along the periphery of the amorphous 
mark, thus deteriorating the jitter at the edge of the mark. 
With this recording layer composition, it is advisable to 
carry out overwriting by conventional simple two power 
level modulation rather than adopting the off pulse. 
[0144] Namely, for the recording layer of the present 
invention, the off -pulse is suitable, but such off-pulse is 
not necessarily suitable when applied to conventional 
GeTe-Sb 2 Te 3 type recording layer or when the recording 
layer of the present invention is applied to the mark po- 
sition recording as shown in Examples of JP-A- 
1-303643. 

[0145] As mentioned above, there has been some 
cases wherein an alloy having a composition close to 
the SbTe eutectic is disclosed, but nothing is disclosed 
with respect to the application of the recording method 
suitable for mark length recording as disclosed by the 
present invention. 

[0146] Thus, the composition and the multilayer struc- 
ture of the medium of the present invention represent 
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indispensable improvements to make the alloy close to 
the Sb^Te^ eutectic composition useful for a practical 
phase-change medium. 

[0147] Further, the present invention is very important 
also from the viewpoint that the composition which used 
to be considered difficult to initialize and impractical as 
a recording layer, has been found to be suitable for high 
density recording once it has been initialized. 
[0148] Still further, it is industrially important that an 
initialization method suitable for the recording medium 
of the present invention has been found to carry out in- 
itialization in a short period of time. 
[0149] Now, the present invention will be described in 
further detail with reference to Examples. In the follow- 
ing Examples, specific embodiments of rewritable CD 
are described. However, it should be understood that 
the present invention is by no means restricted to such 
specific Examples. 

[0150] For the study of a ZnlnSbTe four element alloy 
recording layer, cosputtering was carried out by means 
of at least two types of targets i.e. a Zn 5 !n 5 Sb 60 Te 30 , 
Zn 5 ln 3 Sb 6 2Te 30 or ZnylnsSb^Te^ alloy target, and a 
metal or alloy target such as Sb, Zn, InSb or ZnSb. 
[0151] For the study of a ZnlnGeSbTe five element al- 
loy recording layer, cosputtering was carried out by 
means of at least two types of targets i.e. a 
Zn 5 ln3Ge3Sb 5 gTe3o, Zn 5 ln 7 Ge5Sb53Te3o orZny^Sb^ 
Te 30 alloy target, and a metal or alloy target, such as Sb, 
Ge, Zn, InSb orZnSb. 

[0152] For the study of a AgGeSbTe or ZnGeSbTe 
four element alloy recording layer, cosputtering was car- 
ried out by means of at least three types of targets i.e. 
a Ge 1 Sb 2 Te 4 or Ge 2 Sb 2 Te 5 ternary alloy target, Sb, and 
Ag or Zn. 

[0153] By adjusting the discharge powers for the re- 
spective targets, the composition was adjusted. The 
composition of the obtained thin alloy layer was meas- 
ured by X-ray fluorescence intensity corrected by chem- 
ical analysis. 

EXAMPLE 1 

[0154] On a polycarbonate substrate, 85 nm of a 
(ZnSJgoCSiOgJgo layer, 20 nm of a Zn 5 ln 5 Sb 60 Te 30 as a 
recording layer, 20 nm of a (ZnS)8o(Si0 2 )2o la yer and 
170 nm of a A€ 983 Ta 1 5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin was further coated in a thickness of 4 
urn to obtain a disk. 

[0155] This optical disk was subjected to melt initiali- 
zation at a linear velocity of 3.5 m/s at a beam-transfer- 
ring speed (in the radial direction of the disk) of 50 ujn/ 
rotation with a laser power of 550 mW by means of an 
optica! disk initialization apparatus with an elliptic irradi- 
ation beam having a long axis of 80 ujti and a short axis 
of about 1 .4 nm, whereby initial crystallisation was car- 
ried out by one scanning operation. 
[0156] On this disk, EFM random signals (clock peri- 



20 

od: 115 nsec) were recorded at a linear velocity of 2.4 
m/s by means of an optical disk evaluation apparatus 
(laser wavelength: 780 nm, NA: 0.55). 
[0157] The recording conditions were such that in Fig- 

s ure 2, al=1 ai=0.5 (i^2), pi=0.5, Pw=13 mW, Pe=6.5 
mW, Pb=0.8 mW. Namely, m=n-1, and j=0.5. 
[0158] The jitter value showing the actual signal char- 
acteristic was less than 1 0% of the clock period with the 
shortest mark length and thus showed a good result. 

10 Further, this characteristic was maintained even after 
1 ,000 times of overwriting. Further, the recorded signals 
showed no deterioration even after being left for 1 ,000 
hours in an environment wherein the temperature was 
80°C and the relative humidity was 80%. 

15 

EXAMPLE 2 

[0159] On a polycarbonate substrate, 80 nm of a 
(ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 7 ln 5 Sb 58 Te 30 as a 

20 recording layer, 20 nm of a (ZnS) 80 (Si0 2 ) 2 o layer and 
170 nm of a A€ 98 5 Ta 1 5 alloy layer, were sequentially 
laminated by magnetron sputtering, and an ultraviolet 
ray-curable resin was further coated in a thickness of 4 
\xm to obtain a disk. 

25 [0160] This optical disk was subjected to melt initiali- 
zation at a linear speed of 3.5 m/s at a beam-transferring 
speed (in the radial direction of the disk) of 50 urn/rota- 
tion with a laser power of 550 mW by means of the same 
optical disk initialization apparatus as used in Example 

30 1 by irradiating an elliptic light beam with a long axis of 
80 u.m and a short axis of about 1 A urn, whereby the 
initial crystallization was carried out by one scanning op- 
eration. 

[0161] On this disk, recording was carried out under 
35 the same conditions as in Example 1 , followed by eval- 
uation. 

[0162] The jitter value showing the actual signal char- 
acteristic was less than 1 0% of the clock period with the 
shortest mark length and thus showed a good result. 
40 Further, this characteristic was maintained even after 
1 ,000 times of overwriting. Further, the recorded signals 
showed no deterioration even after being left for 1 ,000 
hours in an environment in which the temperature was 
80°C and the relative humidity was 80%. 

45 

EXAMPLE 3 

[0163] On a polycarbonate substrate, 80 nm of a 
(ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 5 ln3Ge 3 Sb59Te3 0 

50 layer as a recording layer, 20 nm of a (ZnS) 80 (SiO 2 ) 20 
layer and 1 70 nm of a A€ 98 5 Ta 1 5 alloy layer, were se- 
quentially laminated by magnetron sputtering, and an 
ultraviolet ray-curable resin was further coated in a 
thickness of 4 u.m to obtain a disk. 

55 [0164] This optical disk was subjected to melt initiali- 
zation at a linear velocity of 3 m/s at a beam-transferring 
speed (in the radial direction of the disk) of 50 urn/rota- 
tion with a laser power of 600 mW by means of the same 
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optical disk initialization apparatus as used in Example 
1 , whereby initial crystallization was carried out by one 
scanning operation. 

[0165] On this disk, recording was carried out under 
the same conditions as in Example 1 , followed by eval- 
uation. 

[0166] The jitter value showing the actual signal char- 
acteristic was less than 1 0% of the clock period with the 
shortest mark length and thus showed a good result. 
Further, this characteristic was maintained even after 
2,000 times of overwriting. Further, the recorded signals 
showed no deterioration even after being left for 1,000 
hours in an environment wherein temperature was 80°C 
and the relative humidity was 80%. 

EXAMPLE 4 

[0167] On a polycarbonate substrate, 80 nm of a 
(ZnS^SiOg)^ layer, 20 nm of a Zn 7 ln 3 Ge 3 Sb 58 Te2g 
layer as a recording layer, 20 nm of a (ZnS) 80 (SiO 2 )20 
layer and 200 nm of a A€ 98 0 Ta 2 0 alloy layer, were se- 
quentially laminated by magnetron sputtering, and an 
ultraviolet ray-curable resin was further coated in a 
thickness of 4 u.m to obtain a disk. 
[0168] This optical disk was subjected to melt initiali- 
zation at a linear velocity of 3 m/s at a beam-transferring 
speed (in the radial direction of the disk) of 50 urn/rota- 
tion with a laser power of 600 mW by means of the same 
optical disk initialization apparatus as used in Example 
1 , whereby initial crystallization was carried out by one 
scanning operation. 

[0169] On this disk, recording was carried out- under 
the same conditions as in Example 1 , followed by eval- 
uation. 

[0170] The jitter value showing the actual signal char- 
acteristic was less than 1 0% of the clock period with the 
shortest mark length and thus showed a good result. 
Further, this characteristic was maintained even after 
2,000 times of overwriting. Further, the recorded signals 
showed no deterioration after being left for 1 ,000 hours 
in an environment in which the temperature was 80°C 
and the relative humidity was 80%. 

COMPARATIVE EXAMPLE 1 

[0171] On a polycarbonate substrate, 80 nm of a 
(ZnS) 80 (Si0 2 ) 2 o la yer, 20 nm of a Zn 5 ln 10 Sb 60 Te 2 5 layer 
as a recording layer, 20 nm of a (ZnS) 80 (SiO 2 ) 20 layer 
and 200 nm of a A€ 98 0 Ta 2 . 0 alloy layer, were sequen- 
tially laminated by magnetron sputtering, and an ultra- 
violet ray-curable resin was further coated in a thickness 
of 4 jam to obtain a disk. 

[0172] This optical disk was subjected to melt initiali- 
zation at a linear velocity of 3 m/s at a beam-transferring 
speed (in the radial direction of the disk) of 50 um/rota- 
tion with a laser power of 600 mW by means of the same 
optical disk initialization apparatus as used in Example 
1 , whereby initial crystallization was carried out by one 



scanning operation. 

[0173] On this disk, recording was carried out under 
the same conditions as in Example 1 , followed by eval- 
uation. 

5 [01 74] The jitter value showing the actual signal char- 
acteristic was less than 1 0% of the clock period with the 
shortest mark length, and the initial characteristic was 
good. However, after 1 ,000 times of overwriting, the jitter 
increased abruptly. Especially, a long mark such as 11 T 

10 was observed to remain without being completely 
erased. It is considered that since In was contained in 
a large amount, segregation resulted, whereby recrys- 
tallization (erasing) was hindered. 

15 COMPARATIVE EXAMPLE 2 

[0175] On a polycarbonate substrate, 80 nm of a 
(ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn5ln 2 Sb5 2 Te 31 layer 
as a recording layer, 20 nm of a (ZnS) 80 (SiO 2 ) 20 layer 
20 and 200 nm of a Af^ 0 Ta 2 . 0 alloy 'aver, were sequen- 
tially laminated by magnetron sputtering, and an ultra- 
violet ray-curable resin was further coated in a thickness 
of 4 urn to obtain a disk. 

[0176] This optical disk was subjected to melt initiali- 
25 zation at a linear velocity of 3 m/s at a beam-transferring 
speed (in the radial direction of the disk) of 50 jim/rota- 
tion with a laser power of 500 mW by means of the same 
optical disk initialization apparatus as used in Example 
1 , whereby initial crystallization was carried out by one 
30 scanning operation. 

[0177] On this disk, recording was carried out under 
the same conditions as in Example 1 , followed by eval- 
uation. 

[0178] The jitter value showing the actual signal char- 
35 acteristic was less than 1 0% of the clock period with the 
shortest mark length, and the initial characteristic was 
good. Further, even after 1 ,000 times of overwriting, the 
jitter was still less than 1 0% of the clock period and thus 
showed a good result. However, recorded signals dete- 
40 riorated when it was left for 50 Oh ours in an environment 
wherein the temperature was 80° C and the relative hu- 
midity was 80%, and the jitter reached 20% of the clock 
period. 

[01 79] This disk was inspected, whereby it was found 
45 that amorphous bits partly underwent recrystallization 
and thus were partly erased. It is considered that the 
amount of In was too small that the crystallization tem- 
perature was as low as 140°C, whereby the thermal sta- 
bility of amorphous marks was inadequate. 

50 

COMPARATIVE EXAMPLE 3 

[0180] On a polycarbonate substrate, 80 nm of a 
(ZnS) 80 (SiO 2 ) 20 layer, 20 nm of a Zn 15 ln 5 Sb 51 Te 29 layer 
55 as a recording layer, 20 nm of a (ZnS) 80 (SiO 2 ) 20 layer 
and 170 nm of a A£^ 3 Ta^ 5 alloy layer, were sequen- 
tially laminated by magnetron sputtering, and an ultra- 
violet ray-curable resin was further coated in a thickness 
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of 4 jim to obtain a disk. 

[0181] This optical disk was subjected to melt initiali- 
zation at a linear velocity of 3 m/s at abeam-transferring 
speed (in the radial direction of the disk) of 50 pin/rota- 
tion with a laser power of 600 mW by means of the same 
optical disk initialization apparatus as used in Example 
1 , whereby initial crystallization was carried out by one 
scanning operation. 

[0182] On this disk, recording was carried out under 
the same conditions as in Example 1 , followed by eval- 
uation. 

[0183] In the first recording, the jitter value was slight- 
ly high at a level of 1 5% of the clock period with the short- 
est mark length. Besides, after 1 ,000 times of overwrit- 
ing, the jitter remarkably increased to a level of at least 
20% of the clock period. 

COMPARATIVE EXAMPLE 4 

[0184] On a polycarbonate substrate, 80 nm of a 
(ZnS) 80 (SiO 2 )20 layer, 20 nm of a Zn 13 ln 5 Ge3Sb5 2 Te 27 
layer as a recording layer, 20 nm of a (ZnS) 80 (SiO 2 )20 
layer and 170 nm of a A€ 98 5 Ta 1 5 alloy layer, were se- 
quentially laminated by magnetron sputtering, and an 
ultraviolet ray-curable resin was further coated in a 
thickness of 4 u,m to obtain a disk. 
[0185] This optical disk was subjected to melt initiali- 
zation at a linear velocity of 3.5 m/s at a beam-transfer- 
ring speed (in the radial direction of the disk) of 50 ujti/ 
rotation with a laser power of 550 mW by means of the 
same optical disk initialization apparatus as used in Ex- 
ample 1 , whereby initial crystallization was carried out 
by one scanning operation. 

[0186] On this disk, recording was carried out under 
the same conditions as in Example 1 , followed by eval- 
uation. 

[0187] In the initial recording, the jitter value was 
slightly high at a level of 15% of the clock period with 
the shortest mark length. Besides, after 1 ,000 times of 
overwriting, the jitter remarkably increased to a level of 
at least 20% of the clock period. 

COMPARATIVE EXAMPLE 5 

[0188] On a polycarbonate substrate, 80 nm of a 
(ZnS^SiO^o layer, 20 nm of a Ag 5 ln 3 Sb 62 Te3 0 layer 
as a recording layer, 20 nm of a (ZnS) 80 (SiO 2 ) 20 layer 
and 170 nm of a A€ 98 5 Ta 1 5 alloy layer, were sequen- 
tially laminated by magnetron sputtering, and an ultra- 
violet ray-curable resin was further coated in a thickness 
of 4 }im to obtain a disk. 

[0189] This optical disk was subjected to melt initiali- 
zation at a linear velocity of 3.5 m/s at a beam-transfer- 
ring speed (in the radial direction of the disk) of 1 0 urn/ 
rotation with a laser power of 550 mW by means of the 
same optical disk initialization apparatus as used in Ex- 
ample 1 , whereby initial crystallization was carried out 
by one scanning operation. 
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[0190] On this disk, recording was carried out under 
the same conditions as in Example 1 , followed by eval- 
uation. 

[0191] The jitter value showing the actual signal char- 

s acteristic was less than 1 0% of the clock period with the 
shortest mark length, and the initial characteristic was 
good. Further, even after 1 ,000 times of overwriting, this 
characteristic was maintained. 
However, the recorded signals deteriorated when they 

w were left for 1 ,000 hours in an environment in which the 
temperature was 80°C and the relative humidity was 
80%, and the jitter reached to 20% of the clock period. 
It was found that amorphous bits partially underwent re- 
crystallization and thus were partly erased. 

15 [0192] As described in the foregoing, by the present 
invention, it is possible to provide an optical recording 
medium which has excellent archival stability and high 
durability in repetitive overwriting and has a low jitter in 
high density mark length recording. Further, by using 

20 such a recording medium in combination with the optical 
recording method of the present invention, mark length 
recording of higher precision can be realized. 



Claims 

1. An optical information recording medium having a 
multilayer structure comprising at least a lower pro- 
tective layer, a phase-change type optical recording 
layer, an upper protective layer and a reflective lay- 
er, on a substrate, wherein the phase-change type 
optical recording layer has a composition of 
Zn r ,ln 61 Sb^ 1 Te 0)1 , where 0.01 ^yl ^0.1 , 0.03^51 ^ 
0.08, 0.5^^1^0.7, 0.25^0)1^0.4, and y1+81 + 
£1+0)1=1, whereby overwrite recording is carried 
out by modulation of light intensity of at least strong 
and weak two levels, so that a crystalline state is an 
unrecorded state, and an amorphous state is a re- 
corded state. 

2. An optical information recording medium having a 
multilayer structure comprising at least a lower pro- 
tective layer, a phase-change type optical recording 
layer, an upper protective layer and a reflective lay- 
er, on a substrate, wherein the phase-change type 
optical recording layer has a composition of 
Zn y2 ln 82 Ma c2 Sb ^2 Te a)2» where Ma is at lest one 
member selected from Sn, Ge, Si and Pb, 
0.01 ^72^0.1 , 0.001 ^52^0.1 , 0.01 ^e2^0.1 , 
0.5^^2^0.7, 0.25^0)2^0.4, 0.03^52+82^0.15, 
and Y2+62+e2+£2+o)2=1 , whereby overwrite re- 
cording is carried out by modulation of light intensity 
of at least strong and weak two levels, so that a crys- 
talline state is an unrecorded state, and an amor- 
phous state is a recorded state. 

3. The optical information recording medium accord- 
ing to Claim 2, wherein said Ma is Ge. 
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4. The optical information recording medium accord- 
ing to Claim 1 or 2, wherein the phase-change type 
optical recording layer has a thickness of from 15 
to 30 nm, the upper protective layer has a thickness 
of from 1 0 to 50 nm, and the reflective layer has a 
thickness of from 50 to 500 nm and is made of a 
metal containing at least 90 atomic % of Au, Ag or 
A€ and having a volume resistivity of from 20 to 300 
nQ-m. 

5. The optical information recording medium accord- 
ing to Claim 1 or 2 , wherein to carry out an initiali- 
zation operation by irradiating an energy beam for 
crystallization, afterforming the phase-change type 
optical recording layer, the recording layer is locally is 
melted and crystallized during resolidification. 

6. An optical recording method, which comprises car- 
rying out mark length modulation recording and 
erasing on the optical information recording medi- 20 
urn as defined in Claim 1 , 2 by modulating a laser 
power among at least 3 power levels, wherein to 
form Inter-mark portions, erasing power Pe capable 
of recrystallizing amorphous mark portions is ap- 
plied, and to form mark portions having a length nT 25 
where T is a clock period and n is an integer of at 
least 2, writing power Pw and bias power Pb are 
applied in such a manner that when the time for ap- 
plying writing power Pw is represented by o^T, 
otgT, o^T, and the time for applying bias power so 
Pb is represented by (^T, p 2 T, ... p m T, the laser ap- 
plication period is divided into m pulses in a se- 
quence of c^T, p^, asT, PgT, a m T, PnJ", to satisfy 
the following formulae: 

35 

when 2^i^m-1, a^P,; 

m=n-k, where k is an integer of 0^k^2, pro- 
vided that n min -k^1 , where n min is the minimum val- *o 
ue of n; and 

Oi+p.)* ... +a m + Pm = n-j, where j is a real 
number of 0^j^2; 

and under such conditions that Pw>Pe, and 
0<Pb^0.5Pe, provided that when i=m, 0<Pb^Pe. 45 

7. The optical recording method according to Claim 6, 
wherein 0<Pb^0.2Pe, provided that when i is m, 
0<Pb^Pe, and when 2sj^m-1, ct|+P|=1.0, and 
0.05<a,^0.5. so 



PatentansprQche 

1. Optisches Informationsaufzeichnungsmedium mit 55 
einer Mehrschichtstruktur, umfassend mindestens 
eine untere Schutzschicht, eine optische Aufzeich- 
nungsschicht vom Phasenanderungstyp, eine obe- 



re Schutzschicht und eine Reflektionsschicht auf 
nem Substrat, wobei die optische Aufzeichnungs- 
schicht vom Phasenanderungstyp eine Zusam- 
mensetzung aus Zn^ln^Sb^Te^ besitzt, worin 
5 0.01 <, yl £ 0,1 , 0,03 ^ 51 ^ 0,08, 0,5 £ £1 £ 0,7, 0,25 

^ o)1 ^ 0.4 und yl + 81 +£1 +o)1 =1 , wobei Uberschrei- 
baufzeichnung durchgefuhrt wird durch Modulation 
von Lichtintensitat mindestens zweier starker und 
schwacher Levels, so dass ein kristalliner Zustand 
ein nicht aufgezeichneter Zustand ist und ein amor- 
pher Zustand ein aufgezeichneter Zustand ist. 

2. Optisches Informationsaufzeichnungmedium mit 
einer Mehrschichtstruktur, umfassend mindestens 
eine untere Schutzschicht, eine optischen Auf- 
zeichnungsschichtvom Phasenanderungstyp, eine 
obere Schutzschicht und eine Reflektionsschicht 
auf einem Substrat, wobei die optische Aufzeich- 
nungsschicht vom Phasenanderungstyp eine Zu- 
sammensetzung aus Zn^ln^Ma^Sb^Te^ De " 
sitzt, worin Ma mindestens ein Vertreter ist, gewahlt 
aus Sn, Ge, Si und Pb, 0,01 £ 72 <, 0,1 , 0,001 £ 52 
<> 0,1 , 0,01 < e2 < 0,1 , 0,5 < £2 < 0,7, 0,25 < o)2 < 
0,4, 0,03 < 52+e2 < 0,15 und -y2+52+e2+^-Ko2=1 , 
wobei Uberschreibaufzeichnung durchgefuhrt wird 
durch Modulation von Lichtintensitat mindestens 
zweier starker und schwacher Levels, so dass ein 
kristalliner Zustand ein nicht aufgezeichneter Zu- 
stand ist und ein amorpher Zustand ein aufgezeich- 
neter Zustand ist. 

3. Optisches Informationsaufzeichnungsmedium nach 
Anspruch 2, wobei das Ma Ge ist. 

4. Optisches Informationsaufzeichnungsmedium nach 
Anspruch 1 oder 2, wobei die optische Aufzeich- 
nungsschicht vom Phasenanderungstyp eine Dicke 
von 15 bis 30 nm besitzt, die obere Schutzschicht 
eine Dicke von 1 0 bis 50 nm besitzt, und die Reflek- 
tionsschicht eine Dicke von 50 bis 500 nm besitzt 
und aus einem Metal! hergestellt ist, das mindestens 
90 Atom% Au, Ag oder A1 enthalt und eine Volu- 
menresistivitat von 20 bis 300 n£2-m aufweist. 

5. Optisches Informationsaufzeichnungsmedium nach 
Anspruch 1 Oder 2, wobei, urn eine Initial isierungs- 
operation durch Einstrahlen eines Energiestrahlsfur 
die Kristallisation durchzufuhren, nach Bildung der 
optischen Aufzeichnungsschicht vom Phasenande- 
rungstyp, die Aufzeichnungsschicht loka! geschmol- 
zen und wahrend der erneuten Verfestigung kristal- 
lisiert wird. 

6. Optisches Aufzeichnungsverfahren, umfassend das 
Durchfuhren von Markierungslangenmodulations- 
aufzeichnung und Loschung auf dem optischen In- 
formationsaufzeichnungmedium gemaB Anspruch 
1 oder 2 durch Modulierung einer Laserteistung un- 
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ter mindestens 3 Leistungsniveaus, wobei, um In- 
termarkierungsbereiche zu bilden, eine Loschlei- 
stung Pe, die in der Lage ist amorphe Markierungs- 
bereiche zu rekristaliisieren, angewandt wird, und, 
um Markierungsbereiche mit einer Lange nT zu bil- 
den, worin T ein Taktzeitraum ist und n eine ganze 
Zahl von mindestens 2 ist, eine Schreibleistung Pw 
und eine Vorspannleistung Pb in solcher Weise an- 
gewandt werden, dass, wenn dieZeitfurdie Aufbrin- 
gung einer Schreibleistung Pw durch o^T, c^T 
a m T, und die Zeit fur die Aufbringung einer Vor- 
spannleistung Pb durch P-jT, P 2 T, p m T, wiederge- 
geben werden, der Laseranwendungszeitraum in m 
Impulse in einer Sequenz von o^T, p.,T, o^T, p 2 T, 
a m T, p m T dividiert wird, um die folgenden Formeln 
zu erfullen: 

wenn 2 < i < m-1, aj < pi; 

m=n-k, worin k eine ganze Zahl von 0 < k < 2, 
vorausgesetzt, dass n mfn -k £ 1 , worin n mjn der Mi- 
nimalwert von n ist; und 

0|+Pi+ ... + ot m +p m = n-j, worin j eine reelle 
Zahl von 0 < j ^ 2; 

und untersolchen Bedingungen, dass Pw> Pe, und 

0 < Pb < 0,5 Pe, vorausgesetzt, dass wenn i = m, 0 
< Pb < Pe. 

7. Optisches Aufzeichnungsverfahren nach Anspruch 
6, worin 0 < Pb < 0,2 Pe, vorausgesetzt, dass, wenn 

1 gleich m ist, 0 < Pb <, Pe und wenn 2 <, i £ m-1 , 
aj+P^I ,0, und 0,05 < aj < 0,5. 



Revendications 

1. Support d'enregistrement optique d'informations 
ayant une structure multicouche comprenant au 
moins une couche de protection inferieure, une 
couche d'enregistrement optique a changement de 
phase, une couche de protection supSrieure et une 
couche r&fiechissante, disposers sur un substrat, 
dans lequel la couche d'enregistrement optique a 
changement de phase a une composition de 
Zn^ln^Sb^Te^, ou 0,01 <, yl £0,1, 0,03 <, 51 <, 
0,08, 0,5 < C1 < 0,7, 0,25 <: o>1 < 0,4, et 
y1+51+£1+a>1=1, moyennant quoi un enregistre- 
ment par Scrasement est effectuS par modulation 
de I'intensite lumineuse d'au moins deux niveaux 
Sieve et faible, de maniere a ce qu'un Stat cristallin 
soit un &tat non enregistr6 et qu'un 6tat amorphe 
soit un 6tat enregistre. 

2. Support d'enregistrement optique d'informations 
ayant une structure multicouche comprenant au 
moins une couche de protection inferieure, une 
couche d'enregistrement optique a changement de 



phase, une couche de protection sup6rieure et une 
couche r6fl6chissante, disposers sur un substrat, 
dans lequel la couche d'enregistrement optique a 
changement de phase a une composition de 

5 Zn^ln^Ma^Sb^Te^, ou Ma est au moins un 
membre s6lectionn6 parmi les 6l6ments Sn, Ge, Si 
et Pb, et ou 0,01 <; 72 £ 0,1 , 0,001 <> 52 £ 0,1 , 0,01 
< e2 < 0,1, 0,5 < £2 < 0,7, 0,25 < «2 < 0,4, 0,03 < 
52+e2 < 0,15 et 72+52+82+^2+0)2=1, moyennant 

10 quoi un enregistrement par Scrasement est effectue 
par modulation de I'intensite lumineuse d'au moins 
deux niveaux 6lev6 et faible, de maniere a ce qu'un 
6tat cristallin soit un 6tat non enregistr6 et qu'un etat 
amorphe soit un 6tat en registry. 

15 

3. Support d'enregistrement optique d'informations 
selon la revendication 2, dans lequel ledit Ma est du 
Ge. 

20 4. Support d'enregistrement optique d'informations 
selon les revendications 1 ou 2, dans lequel la cou- 
che d'enregistrement optique a changement de 
phase a une gpaisseur de 15 a 30 nm, la couche 
protectrice superieure a une 6paisseur de 10 a 50 

25 nm, et la couche r6f!6chissante a une Spaisseur de 
50 a 500 nm et est constitute d'un metal contenant 
au moins un pourcentage atomique de 90 % de Au , 
Ag ou Al et ayant une resistivity volumique de 20 a 
300 n£2.m. 

30 

5. Support d'enregistrement optique d'informations 
selon les revendications 1 ou 2, dans lequel, pour 
proceder a une operation ^initialisation en irradiant 
un faisceau d'Snergie pour effectuer une cristallisa- 
35 tion, apres avoir form6 la couche d'enregistrement 
optique a changement de phase, la couche d'enre- 
gistrement est localement fondue et cristallis6e au 
cours de sa resolidification. 

40 6. Proc6d6 d'enregistrement optique qui comprend 
d'effectuer un enregistrement et un effacement a 
modulation de longueur de marque sur le support 
d'enregistrement optique d'informations, tel quece- 
la est d6fini dans les revendications 1 et 2, en mo- 

45 dulant la puissance d'un laser entre au moins 3 ni- 
veaux de puissance, ou pour former des portions 
inter-marque, une puissance d'effacement Pe ca- 
pable de recristalliser des portions de marques 
amorphes est appliquee, et ou pour former des por- 

50 tions de marques ayant une longueur nT, ou T est 
une periode d'horioge et n est un entier au moins 
6gal a 2, une puissance d'6criture Pw et une puis- 
sance de polarisation Pb sont appliquees d'une ma- 
niere telle que lorsque le temps pour appliquer la 

55 puissance d'Scriture Pw est represents par ot-jT, 
cfcT, a m T, et le temps pour appliquer la puissan- 
ce de polarisation Pb est represents par p.,T, 
P2T P m T, la pSriode d'application du laser est di- 
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visee en m impulsions dans une sequence de o^T, 
PiT o^T, P2T, a m T, p m T de maniere a satisfaire 
les formules suivantes : 

lorsque2 ^ i < m-1, a, < p, ; 

m = n-k, ou k est un entier tel que 0 < k £ 2, avec 
n m!n -k > 1 , ou n min est la valeur minimale de n ; et 

0| + +, ...+ a m + p m = n-j, ou j est un nombre 
reel tel que 0 < j <; 2 ; 

et dans des conditions telles que Pw > Pe, et 
0 < Pb <, 0,5Pe, avec lorsque i=m, 0 < Pb £ Pe. 

Proced6 d'enregistrement optique selon la revendl- 
cation 6, dans lequel 0 < Pb < 0,2Pe, a la condition 
que lorsque i egal m, 0 < Pb < Pe, et lorsque 2 < i 
<, m-1 , ot|+Pi=1 ,0 et 0,05 < 0C| ^ 0,5. 

20 
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FIGURE 2 
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FIGURE 3 
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